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(54) METHOD FOR PURIFYING CARBON NANOTUBE 

(57)Abstract: 

PURPOSE: To obtain good quality carbon nanotubes 
which are uniform in molecular weight, size and electric 
conductivity by utilizing techniques such as column 
chromatography, ultracentrifugal separation, ultrasonic 
disintegration and membrane separation, and also 
employing a surfactant. 

CONSTITUTION: In this method, a crude product contg. 
carbon nanotubes is dispersed into a solution by adding a 
surfactant to the solution and using an ultrasonic wave and 
the resultant solution is allowed to pass through a 
chromatographic column. Accordingly, the carbon 
nanotubes can be separated from nanoparticles by the 
difference in development rate in the column between the 
nanotubes and the nanoparlicles due to the differences in 
molecular weight and shape between them. Then, the 
separated carbon nanotubes are scattered on a rotary drum 
and charged by irradiating them with an electron beam or 
showering a corona discharge on them and, thereafter, the 
rotary drum is rotated to remove uncharged metal type nanotubes from the drum. Thus, the carbon 
nanotubes can be separated into the metal type nanotubes and insulator type nanotubes. 




LEGAL STATUS 

[Date of request for examination] 



30.1L1995 



[Date of sending the examiner's decision of 
rejection] 

[Kind of final disposal of application other than 

the examiner's decision of rejection or 

application converted registration] 

[Date of final disposal for application] 

[Patent number] 2735055 

[Date of registration] 09.01.1998 

[Number of appeal against examiner's decision 

of rejection] 

[Date of requesting appeal against examiner's 
decision of rejection] 
[Date of extinction of right] 



mja^mif (jp) «2) ^ ^ ijf |^ ^ (a) (immm^iimm^ 

#||¥8-231210 

(43)41^180 8 ^(1996) 9^100 



(BDIntCl.' 
CO IB 31/02 
BO ID 61/14 
C3 0B 29/02 
33/00 

// B 0 1 J 21/18 



1 0 1 
500 



7202-4G 
7202-4G 



C 0 1 B 31/02 
B 0 1 D 61/14 
C3 0B 29/02 



lOlZ 
500 



B 0 IJ 21/18 M 



(21)fflS#^ 


!t$«¥7-311821 




000004237 


(62)»»JO^ 


f*«¥5-14387CD4^ai 






(22)meB 


^5^(1993) 2^ IB 




«jKI5SK^Ti7#l^ 








Bit m 








S««|5*iKgSTi7«l^ B*S^ 






























(74)f^A 


#a± ]^ ftii W2«) 



(54) [36!H0=&»] *-!ti> • :J-y9^3.-::^©»$!*fe 



(57) [S*^] 

F A 6 S # , ^-T t' - A © BStt S /c a n n :^am 
^IS 7'©* -!K> • t y ^ * - :/^[BIito K 7 A*^ ^, 




8 7 



alS^ k- - A S 13 D a JSSSS 

4.iateK7A 

9.Et«Si: t. 



(2) 



!ttM¥8-2 3 12 10 



Hex + y-$:fgiyc-a-5CiK:J: 13 • t^^^- 

F 7 A 61^ < C i K J; ^ -Y 7-©* y 

^-T-b'-ACiMWSfcttaa^f&iii^f 
[5lfE F 7 A ^|5]|e $ S c i (c ct , #m L i^i:*^ ^ ;^c^ 

mtt^tf-yi(y . i-y^:^~ymmi;mo 40 
[000 1 ] 

[mm±(omm^m] *^a • ^j^ov f 



^y<Dt>-t<y • ty=f-:2.-ytim^^y<oti't^y 
■ ty^^-'ytic^mi>i-y9:^-ymmmm 
ti>. ^m\tt>-^^y ■ ty^:^-yti.^'jmmm 

[0002] 

I'mmm] iP-^^y-ty^^-yit\99 1^ 

(Nature. 354. 56-58. 1991) (C|6 

i^^, ftffl. n^itti~7i(y ' t y^^-y^izmi.C'^ 

^■V^inmrn (#gl¥4- 1 7 2 24 2^) {COt,^ 

[000 3] ^?il4*';^-cpfc3nfc^©*t:-i^7 

^iciilSL, jK, yv-\yy. i-y^^-y\ ty^ti 

;^©E;f3*«5 0 0*>625 00 t 0 r rOlEHK^Sii 
[0004] 

t^fcibicit. ^f&micctiboi' y ? ^ - 7-;:^^^©^ 
[0 00 5] JiftS-r©iC5> :^y5^i":/?::f 

[0 0 0 6 ] ^cv^mmt. ^=f-m. i^^-^^^um. 

[0007] 

[ISgi?:l!$*f Sfcei?)©#g] *I6BJ». ;^7A^nv 

F^''^^^-^ a^^g^^j^^^. m^mui^o 

mi, tihmcwm^mmmm^c^^ . ty=f-^-y 

(D-^^^'9^^^mmitbx. ij-4'^yty^^'-y=^^ 

m&^mti^f:>ti-^^y ■ ty^s^-ymmis^zjf^ 

Hfb. ^m^intcmliEt!-:f^y ■ ty^^-y^:. UK 
F 7 A K 6 S t > - A © BSJ^ 3f fc H 3 p 
i^+7-^?SOf#SCi(Cj;(3*-^> • ty=f-=.'-y 
HKF^A^IlKS-B-SCitciO. «m 
L/^CJi^o/c^^'^T*©;^;-*^ • ty^^-r^^lfe 
F-7A>&ip,l^t. ^n^Cct-D■c^«^^'7•©*-#•>:^ 



(3) 



mw8 



-231210 



[0 0 0 8 ] ttCfeK:, *-;^'> • t-/5=-i-:/4^ty 

Mi^-feWiia^ (AFM) vmmrtt. t^^^-y 
mp7^}\^y r i:(om'Mmmi}> mm n lo 

mmm^-c^?,, mwt&(Dm'<&WL^ 2 8kHz. 45 

kHz. 1 00kHz<D3a!Sffi*^fci±T<^-rSC 

m^^mLxi:>brji< ti,, &(D^vty^s^-y'id 20 

[00 I 0] :^^l,C. ijyA- ■S'U-7\-if'7-y -{^tiCj: 30 

micm^bti^. ^§imtm<D?^vmmtim»^ 
[0 0 1 1] s;fc. ^ms.'R^mt^m.'K.^hijmt.. 

^ti^n^^mth. sfis^m^-iw (tem) 

^ ^-•:fOi3cM>mm.m.mMOltm^ 1 . 7 g • c 



[0 0 1 2] a^efj^cP3«{cj:Si. ij-t^y-t^f 

ffiitft (A>K+>.;,7-©;^^i,>i|^^(*) CCJfeS (Ph 
ys. Rev. Letters 68.1579-15 

8 1. 1 9 92) . -en-csis^rt*. ty?^-^o^m 

<Dij-mt^m ^ -f :/ i ffiifef* 7-© :h y ? ^ - 

3? y 9^ ^ - :/ i ISitft ^ ^ y ^ 
[00 13] $6{C. i^-ttOKl». mMO:^-^?^^- 

-r- s> y * - ^ c i A^Wte i 4 . 

[0 0 14] 

mmm) *-jj<> • ty^^-^i^m 
~4 ) (coi^TijiB^-rSo 

[0015] I) ti^A- i'a-^hif'yy '<mcj^i>t 

i'O-y f ^ffl;i77ACCS e p h a r 0 s e CI 
(Pha rmac i attS) i'nvhi?'^^-^ • 

^^tsu.m:^iiy-)i^x'm^mmj: K^mm^ 

:^ttyni'm<o^mma¥)i±mm'o, ty^ 

:.-yti-ym'¥-t^ni^ic^^v^i>. ty^^-y 

yf- ^-y\tt yn.^tp>h6^m^tii>. ^?6tc. ccoIj 

fc. «V-|gS©TSKge I-feJl/n-XCWSfctt^^r 
y-Jb. 7^\-yUi£^f)\yW&i'VL-7Vifvy-t(D% 

mmt bxmi\ \''fi^)mmt h >t; a ( s d s ) 



#g§¥8-2 3 12 10 



[0016} 









0~3 0 




1 0» JJ^± 


3 0~6 0 




1 0° fi^T 


6 0-9 0 




1 0' K± 


9 Ofii± 




10'' £iT 



[ 0 0 1 7 ] 2 ) js^ism mm^mi^^fcty^^ 

J;bl5lNI4^^S(D^t^^^^WB*'^:^7 ^;Ui?- (?L 2 

(M i 1 i p 0 r eitm) icMt, C©B#. * 

■$nfcmm»Xt^r-V-^Xf}S3 urn. l. Znm. 
0. 45ym, 0. 2 2 am©7 ^;l/5?-riSjiOTt9) 



[00 1 8] ^^jU^-tOTK. 5i'n7^;Ui?- 
(m±7 ^ ;VAtUS{) . ^>7'7>7^;uif- (m#a 

[00 19] 
[^2] 









8. 0 




5JK± 


3. 0 




2~5 


1. 2 




1-2 


0.4 5 




0. 5~1 


0. 22 




0. 5OT 


0. 2 2 Mni©5i-Hfl!iSji 




0. mr 



[ 0 0 2 0 ] 3 ) iffi^^t^^Htcj; y ^ -T-O^JJlIf 



50 .tummi^ 0 0 r p m (fe9-5 0 0 ISK) *^P> 5 0 0 



7 

0 0 r p m. m'iMfmS 0^*^69 6B#P5©P^Tlf o 

tc. mti, fgl( 5 0 0 r p m) . mmi\ (3 0^) 

mmmm^. -Aic. d ooo r pm) omm^ 



ittM¥8-2 3 12 10 
8 

- 2 (CiK-To 
[002 1] 
[^3] 



(i@S'i:.^la^E» : 5 O O r pm, ®S.f>l^fW : 3 O^J-) 



^3-2 

(®S'i>lHrlg?g: : 1 0 0 0 r pm> gjg-iL^S^m : 3 0«-) 













5tfm. 10nm£t± 


S'i>e©JS~±«l cm 




5tfm, lOnmBtT 


m\ cin£t±©±S* 




2 0 nm OK?ID fii 
T 



[0 0 2 3 ] 4) ^ffitSttSy*fl3l^fc:f y?^^-^©^ 

#^.ciJcS-:5i,^Ti^-2>. ^:©^ffl?£^t^J^c<^:^:^y?■ 

ErStMiJi F7=i-;^;^;^d-^>^t h >; -5 a ( s D 
s) 5t)5"fijffir#5„ 7Kiooocm^ ^c^ftur^ ty^ 

^-7'?r#tfKf4^1 0 0mg?:A4a> SDS^2xi 
0-^*;l/ (*^5. 7 7g) @#ig^95$?rft 



«3 . KifsfttJi7K3 n ^' K i Lr7Ktt%^tc?§w^. s D 

^^1i7;i'3-;i'i:^f-;u. p -7;i'+Jt':7 x-JUd^J 
40 U>x-rji.fj:<!:-©ja^^iWHtSM'J*jMiR 

ftij©-g!it?4>tyg^^"7'^Bj?ijtrt^. 
[0024] Sfc. i^'y t*r.;^7;^3-;^?^j:i■©l^^^■ 
o-C, iS^^?gft*iC, ft!2©l?fflStt§lJ<&^Jn-ri.£:<!: 
tii, ty=}-^-'-:f, tyfi^^na^ 

[002 5] ±iB (1) - (4) ©^a(Cj;i3^ii$n 

50 -rijiB^Tao 



(6) 

9 

[0 0 2 6 ] ity^^-:/(Dmmjimi.cj:^^mm 
1 ic^stJ:'?mm.ms i . :^'mAmm2. m^-t- 

ASfcB3n:fgjmgi:3. [plKh-7A4<!:-?-©jii22gP 

->+7-4-iS?>'-tt> K5A4<&[5I$K§-»+'So C©B#. # 10 
^ 4 



mW8-2 3 12 10 
10 

JfiitdJ-f •7'©-ty?-^-^WK5A*52 7 0° lil5U:^c 

[0 027] 
[115] 





m^&mm (Q-^cm-') 








10' 


^Ji3"f:/ (1 Q-^^^M 


#35* 1 0' 




mi * 1 




«i*io-' 




ilSl * 1 0-' 



[ 0 0 2 8 ] ±fa 1 ) . 2 ) . 3 ) , 4 ) c 
[0029] 

af£2Seoc|iUTB)-r*4M«©*-jK> ■ 
[E®©fS#^cl5iHJ] 



[H 1 ] :^mn<mm^m^m\.^m^^^^tmxib 

5. 

[#-^©l5SB«]. 

2 *X^A$lg 

3 m^f-AS/c«3a:^]|fcl|gg 

4 [pJIeF^A 
6 

7 5>^ii*f4SWAng 1 

9 i5i:*4^i h 



3 12 10 



mi] 




S 7 



3.^^- A 1 1 (4 =1 p:*-tt«»B 
4.laieK5A 

7.«iB»ms(tAns 1 



D 0 1 F 9A27 D 0 1 F 9/127 



